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m m m 

[0001] *2&mYz. mmtmmMitLt^nm^^^T^^—^, ^i^o^^n 

[0002] MEMS (Micro Electro Mechanical System) ttfltfSrfflVv'C^S&fcW^t* 

^•(D^r4^nT^^—^(D]^mtmn^fhX\^ 0 $IX.fiM«3fc^ (Adaptive 
Optics) #irm. 3t©&ffiSr»JW-r5fc«>©^>f^n*9— TW^|g|§$tLTV> 

fcW^savci^So Eiiofi, ##fFirmi{^5i^§tt6W^nT^^^— ^1000 

[0004] Bjlb**100^, ^T(D^M$|3?r3^:(D#tt^l01a, lOlb^moic^W^df 
£ttTl^5 0 ^fc, ^tJrMl00te3o<?>@;£<B^102a % 102b*5j;t) ? 102ci:*f [r] 

ltv^„ @^Mio2a, io2b&£mo2cte^th^tvm^mmmfc$:WM 
*sffeiz.mfthti, ^mm.mioot(Dmx'm&^ j 3-x.(btiz> 0 rtuu;^ ^rgbm® 

[0005] @^m«102a— 102c(75|gibmi±^fRl^raSt"tlfi\ PTl^SlOOte^lg 

mmm ioo fa —^is wM&t m m^m^mm &*st &xh% 0 
[0006] io3fi, m^io4\z.&\^xpjW)mmioobm^tix\,^tiisb^ ^mmm 

##f^^Cfi^l:U. Srinivasan, et al. , "FluidicSelf— Assembly of Micro 
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mirrors Onto Microactuators Using Capillary Forces", IEEFJournal 
on Selected Topics in Quantum Electronics, Vol. 8, No. 1, pp. 
4—1 1 (January, 2002) 

[0008] ^.(DWUKrflftWfSo Hnt3\ vw^fai- ^iooooSj 

Ot?, nHM^lOO^ 2^<D#t^l01a*5«tt^l01bfc, 2o<D@5t®Sl02a*3 
it) ? 102b(D^^|2|^$tt-CV^o 0^^^1O2a^Brib^^lOO^^.{^i-|^l!j^ 

Si02a{^C^#^M§^-e$5§o @£Sffii02basTtfibmffiioote.Rf3?t"rab 

;*7<©ftMBj£btt, @^«^102b(D5^^«^^^§|g^(D^;^M t 9@^ 
®Kl02bi!iSiit?5i«iSrM«^-C*)5o 
[0009] riTii, @3£«ffil02a©^^S©ttffi^imb-CBribtiffilOOSr!R§|b^:4& 

^f^i-§^^b^V^^ltim*100^ii:^f^^6 Yc{«^bTV^ 0 ^ 
[0010] RT»«ffilOO©g?»ft!MW©«^Cd^, ^5bfe**f^H4H:/J^v^^Sv^ 0 #*f 
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[0011] U^Lft;^ EllO4oj;tJ?0ll^^0j!^^J:5i-^ "JWjmMlOCXDW-m^&^W 

[0012] #3&Bisra\ ±iE^s^^T^$fifc%<z)-efeD, @ ww:, mm^3tssmn<D 
[0013] ^mm<D-r^ur^^-^^ mat, mm&isKM^xm&tjmft-tsmi® 

mm&isizttir%mu^fa^<Dmmzf&^xmm^&^&^ 



WO 2005/085125 



4 



PCT/JP2005/003533 



^&mz&y$&7nWl'?<Ds**m%&\sr (Nm/rad) , MfElgl^ffl^tfuSEfg 
2©f^ffl^t©ra<©«aitSr2L(m)i:-t-«t#t!:, BtflEkz^BulBkr^tulELt^, 0 . 5 
^L 2 -kz/kr ^ 2©BB#^fc^£&«MSte-t-£o 

[0014] ^mm<D^?4?tiT??-^—?^ mat, mmm^^M^xm^-psm^m^ 
i^2m<D\mh\^tf%\mhiHm^^xm 

S#C^krx(Nm/ / rad)*5j:^kry(Nm / /rad) , itufBl»<?>f^MO^^H» 

BUfBkz^BiffBkrx^BfrfEkry^tfffSR^^^ l ^ R 2 .kz/krx ^ 5, 1 ^ 
R 2 -kz/kry ^ 5, 0. 67 ^ krx/kry ^ 1. 5<Dg|#^yj3§fci-r^#® 

[0015] ■fo&mmf&mKte^x, mmw&^nm-i, ntm^jm^mw^^wvx 

[0016] fcS^life^HBl^v MSB BT«j§PO^^<i:%^«^«tt^L, fijfBl» 

(DiKib^^^tt^tb}»iBWtt^^^f^i-^m^^'(ixi. mmmmsDmmn^ 

•So 

[0017] h^mmmmK^ ^ mmm^mmm^ mm^^mmm nmu* 

^uTv^teg^M^futBSi^M^^^ 
[ooi8] &z>mi&temz&^x, ttfsa#tt^#§pf*> ttfiB^^^^tb^ira^, 

HUWEBT»^(^^tL^2Sg|3t^ilx.. MIB^l^f|J^MWB^2«g|5^CD^Oieg 
il^H^bfc^#^, HffgBHi!ifjiBR^^ N 0. 8 ^ H/R ^ 1. 6<D|S^£rJRtfrr 

o 
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[0019] h^mmnm^^^x, mmmi^tmm^im^^^mtcDmcDmm^ m 

[oo2o] h^mmmmi-^ ^ mtm^wm^m^m^ mmmm^ mmm&o 

[0021] fo&mmj&micm^x, mumMv^tmu^m%m^^t<Dm<D&Mfe. 
mm^jcmwmmmt! Kmm^n±^mtmm »$mn<D *p£Mt<D m^mm 

[0022] hzgmMmz&^x, mmmwc<Dmmn(D^ibcoi^mm^im^mmvx 
[0023] h^mmnm^^^x^mmkztmmi^tmm^tiiKi ^ L'-kz/krcDgi^ 

[0024] fc§^M^St-*3V^ HUfBkz^RufBkrx^Hijfakry^HfrfBR^^, 2 ^ R 2 -kz/ 

krx, 2 ^ R'-kz/kry^li^vi^i-c 
[0025] ^9^(D^gfi. ffifE^^nT^^^-^^mMlix.. fufEl»<D^M^n 

r^^— Mmmii&K\sHc&mvx\<^^t&wtikt~rz> 0 
[0026] «9^<D^g«, ffffe^^nT^^^— p^mmm*-. mmmt^^tu 

\^ mmptmmRt^^ o. 29 ^ r/p ^ 0. 37<Diw#£#!fci-r^#»-r 
[0027] fc^w^-^-r, ttrie^gi^ Htrfemm^ragisi^iJWf ^royjb-r, 
[0028] fe^wtg^v^, MfBfuij^^^, mmmn&3&m£i±.^m±~*ii&xh 
[0029] fcsnjfe^flg^^v^T, fffwa^jwifPfi, mmw^(owmn(oo%(DmwMmm^ 
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[0030] fozmmmmcm^x, mmnmm-i^t^m^m^o 

[0031] 3bz>mmmwtiz.&^x, mmmmt, ^m^-r^m^hKm^o 

[0032] $>z>mnMmz&\, mies©^ mm%BMm^m^%^nwo, mm 

[0033] ^mKxrui, m^wM^mM^mm^m^m^^^m^i^m 

mttmm K-tzzt &x%% 0 
[0034] *mwK£tu^ mmiR<DmmtibnW}M<D&&b(D&Mfi&i3L'b&<, rt»§p 

b&x$z><DX\ MfflfDffimfcbm'mmkb&mm.irzz.b&xzzo 

[0035] miA^mj]<DMMKmuz.£z > ^4?vT^^~ ^m^m^-r^mmn 
mxh% 0 

mumxh&o 

mmx&Zo 

[03A]*^^(7)^ifemil^J:^)^^nT^^— ^^^Wi^-r^SEI'efe 
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mmx&% 0 

mm^mm (Dm mmmA iz. xznmi® ^ <D&m &<Dm wMmtmmm&mmt 
<d m^^rA%^f/v(Dmm mxh% 0 

m i imm<D^4^r^=f-^-^(Dmmm mx&z> 0 
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[0036] 1 Wfc 

4a— 4c, 14a— 14c, 24a— 24c 
5, 15, 25 
5a, 15a, 25a 

5h— 5j, 15h— 15j, 25h— 25j 

5k— 5m, 15k— 15m, 25k— 25m nTlft^ 

15n— 15s, 25n— 25p Jfr^MLgP 

6 ^mwm 

6b 

7 RTWllfP 

10, 10a, 10b W^oWai-^ 

31 3tas 

35 ^P7^ax-^7W 

42 

47 MfM^» 

[oo37] j^t, aa^tiLt, ^mn ia§v^o7^fai-^, fci^^or^f 

[0038] (Hd»lii) 

m.w-rz> 0 

[0039] EllA^#^i-^o 01 Ate, ^^»H(D^^ciT^^^-^10^^: 

[0040] ^M^nT^^-^lOte, ^U£, RT»jg|57£, #tt^N?G5£, S^mffi4a, 
4b3oJ;tMc^lix.3 0 NM^T^^-^lOfi, ^!lx.«MEMSS#f^fflV^T 

ffi4a-4c*5 £xmmEMU3*mt1rbtlXV >S C *I»$I57J»^ 1 t^Ltlfu bT 
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[0041] #tt^#fP5«, 3^cD#tti*5a-5c^ ^bcD#1«;5a-5c^^? 1 icmfe 
[0042] #tt^#f|55^?f^i-§^^, *1\ ^tteia^3*5j:^ia^:m*4a-4c_h^^ 

[0043] xw^5 S ^mmmeco^^:m^mnhfhtimmatmm^x\^ 0 *fc, 

[0044] *mM7&&&rrZ>te1Z. , #'l4^$|55±^^M/v ? ^htrfflV^-rm2(D# 
feJ;tJ ? S^m«4a-4c^^)«(D^m#W^v N^tLSo W»)ma6cD_h® »3feS 
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[0045] BTIbm«6«3o(D@^Sffi4a— 4cb^m^VXM^X^^ 0 BTIbmffi6^|l 

x^mn7^mi±^m\±^mmmi±m^m^u^^mM5(Dw^m^ 
£)kmm^t(Dm^^£<>x^mmcom^®:feir%o frmfewm4a~ 4c^ 
x<>xm^ir^mmt}(D^^mmir^bK^^mm(Dm^iKMi,xmm 
^^(Dm^comt, m&i^Mirzmmnmb&mm-r^ttfx^ m^m 

mmmjz&m^mttittv^ -^m^^mm^^mmir^ ^x\ 

[0046] J:I©lo©^n7^^x- ^10^{S:ir/^U H^tD^fiir/v^IB^Jb 
[0047] SV^iCpl^-ra-r^nT^^— ^10|Rl±(DtV^PW!jx.^llO i u m-C&5 

t^xmrn-r^o 

[0048] 02A-g|3C^#mL-C, H^«a4a— 4c\Z.£oXm$L-tZ>mWi±}b~^Wi 

^7(D^\\Lb(Df^(D4¥M^^^A^<.^^tc.^(D^\^^^^\^^) 0 •v^f ^oT^^aX 
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[0049] 02A*5j;tJ«|l|2B«, ^^T^^—^10(DllX%^ ; f ^X^WiM^M^X 

[0050] mj£nM4*fi^m^7(D^mwmQ\z.m£^mmts<Di^mUAte, @^m*4a 

Kt£% 0 ^.(D^^o^m'om^i (mi a) {cmw-tem&^'bi^ mfewm4a&£x$ 
4bteMtimmz.mm£frix\^ 0 ^>/c#>, ^^oti^m^At^r^mm^x 

m&Bb<Dm<D3gmfe2LX3bz> 0 

[0051] ^^b$|SO^*5it6 BT»«W(DS^l^*f«MMf5A 5 o(m) (^CT#'|4^ 

d) ti-5 0 m^mm4a(D^Kpjfm<Dm}±^wMvx^mmm6^m\vtcm-B-^i¥ 

Fa + Fb=(S + 5 ')/2Xkz 
[0052] ;^h<£>o9&l >tt (^2) -C^^^So 

L-(Fa-Fb) = (6-5 ')/2LXkr (^2) 
[0053] |Sd2ASr#MbT, @3eS^a©^{^3e©S£ESrffinbT'sra®B6SrK5lL, 

fc^, fm&A^teMl^Faa^SiU f^ffl^CA^*3V^-CBTib«^6fiSliL^ 
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Fa=(5 + 8 ')/2Xkz (^3) 
L-Fa=( 8-8 ')/2LXkr (^4) 

6 = (l/kz+L 2 /kr)Fa (^5) 
5 ' = (1/kz-LVkr) Fa (^6) 
£&5o Lfc^oT, #^tt<D^$ 6 V 6 te, (^7) X*-¥x.bftZ> 0 
[0054] [#C1] 

iJ ' 1 - (L 2 • k z/k r ) 

<5 1+ (L ! 'kz/kr) (5^7) 

[0055] (5£7)^ib, L 2 -k Z/ /kr(Dft^l^je-5it^^-e N #*h£tt<D^£ 5'/5M 

2 -kz/kr^^^n^fit^^ttii:s^^ffi#^#^u ^-(vmm&mi) i& 

[0056] Dgl] 







0. 5 


0.33 ^ L 2 'kz/kr ^ 3 


0. 3 3* — (-1/3) 


0.5 ^ L 2 -kz/kr ^ 2 


0.2 5 


0.6 £ L 2 -kz/kr ^ 1.67 


0. 2 


0.67 < L 2 'kz/kr < 1,5 


0. 1 


0.8 2 ^ L 2 - k z/k r ^ 1. 2 



[0057] Qtm^^vT?^^— ^1000 (010) J:5^#tt^#§P^pri(,fl;^^Sr 
0. 5 ^L 2 -kz/kr < 2 
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[0058] £33 % #*hftt£0^£ 6 V 6 ttl/10JsJtTT?*>tl/tfJ;5M*UV\ &tl)£*)'* 
^3£«Ckz*5j;tfkri:ffi(||lLi: 
0. 82 ^L 2 -kz/kr ^ 1. 2 

o 

[0059] **5, ^^-e«@^m^4a(D^^|gS(,^,^^«#^^P^bf'^ N @£tft 
o ^Oii:^|E|2B^#^b-rfAMi-§o El2B^@^S*4a*5j:mbi^^M]fe 

[0060] mMwm&*m£&z>mW}t)&Fa(N) , @^«*4b«^i-§ig»jij^Fb (n 

^Bl!l33lt5-BribSffi6©S]iCfrlRl©^<fcSr 5 b(m) ir-fSo Fb = 0<Dk%. ( 

S:i)*3J;tr(^;2)a:?j, 

6a=(l/ / kz + LVkr)Fa (^8) 

5b- ( 1/kz-L Vkr) Fa (^9) 
fcJ&t). Fa = 0©^ (^1)^1^(^:2) 

6 a= (1/kz-L Vkr)Fb (*U0) 

Sb= (l/kz + L 2 /kr)Fb (s£ll) 

fcfcSo (^8) - (5£ll) £9, 5 5 bbmShjjFa&£&Fbt<D$mte ( 

^i2)-e#x.^>^ 0 

[0061] [#[2] 
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6b 



■[■ 



1 L 2 

H 

kz kr 



1 -CL z -kz/kr) 



1 + (L 2 -kz/kr) 



1 -(L 2 -kzXkr) 
1 +(L z -kz/kr) 



Fa 



Fb 



(S12) 



[0062] (^12)<D^3a©ff?!H!:*5V^ ^^^^^^^OJtOtefi(^:7)Sr# 
O. 5 ^L 2 -kz/kr < 2 

[0063] ££>^L 2 -kz/kr^ 
1 ^ L 2 -kz/kr 

[0064] r©a^^ SU?H2ASr#flaUT^Ki-^ 0 
[0065] 1 ^ L 2 -kz/kr 

©^aswfc&h^t^ssv n-c, 0sm*4aSr(rabb-c»^*r*irab^;Fan:j;ij 

^ 6 '^A^tf^So r<D^^MjE-r^^«@^m*4b^J;o-C^5l^^ 

^i-tL»v\ 5 '^H^^b^s^x^fBj^^-r^-^ 
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[0066] EI3A— m3C&0MlsX, 2^(D\^mti^(DmWM\±^lo2ik7t^:^^ 

&t&mirZ>o E13A— El3Cte N Y^nT^fax- 5 t lO<D2^^ c ?^X'(DmWWl 

[0067] 03Ate, W^PT^f^x- ^lO^^^^^i-^PBIEI-efc^, RnMH6<Dtp 

^OSrig^i:i-^x|fi*D J; t^ytt^EI 3A^i~ i5 ^^^LTV ^ 0 
[0068] 0^«ffi4a^^iJj$p7(D^tbmfe6^^^i-.»^FaCDf^ffl^A^, 0^** 

5^»^t!]^Fb^^^^(D^^^M0@^S«4b^^ii:^#^M§^^ 

& 0 @^m*4c^Bjt!]^6^^{^i-igib^Fc»#ffl^c«, m^nm4c<D^ib 
w&x&mizfcmuA. B&xTfcem&titcfiLm (^mmnmw^mmme^ 

4ctels]ffc^f^iag$;ft,-ci^ 0 fF^,£A— c<D*h^frW:!^Oj&»k©ffi|»tt 

[0069] ®3B^W^nT^^^-^— ^10OyW^fp v o/cirB(D^^|l|, E|3C^^tiT 
^fax- ^(Dxtt^^ofcPKrffi^^HI-efc^o @^m^4a, 4b*3«fctMcdS^:tb 
JetUffiSC^rab^jFa, Fb*3j;OTc33&£U rtUiJ;o-Cfm&A, Bdoit^C^ 

[0070] ^TM^cD^ l ^*H-5SiiL^£ 5 o (m) iaSCT#t£3fc«NW5 K&VSGLtc 
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^GfvV^<7V^5£#:£rkry (Nm/rad) £i-3 0 
[0071] Mi 6 a, 6 b33 £1* 8 cirggib^Fa, Fb*5 iOTc^©^#J^ 0£l3) "C^X. 

o 

[0072] [ifc3] 



5c 





R 2 




1 R 2 




1 


R 2 




kz 


krx 




kz 2krx 




kz 


2krx 




1 


R 2 


1 


R 2 3R 2 


1 


+ 


R 2 3R 2 




kz 


2krx 


kz 


+ — 4- 

4krx 4kry 


kz 


4krx 4kry 




1 


R 2 


1 


R 2 3R 2 


1 




R 2 3R 2 




. kz ^ 


2 krx 


kz 


+ — 

4krx 4kry 


kz 


+ 


+ 

4krx 4kry 


J 



Fa 



Fb 

Fc 
V J 



(iU 3) 



[0073] (5£l3) fc&VvC R 2 'kz/krx<D'fi££r2l;ijE<3jj\ krxcD^kryOfi^ifi^ttSr 
535SRTIb**6(OttJite*|JOS:^^L, R, kz, krx, kry H^£J£fci§:5;i£ 

[0074] #>fj-^tt^r/J^§<i-S<^i-^^^R, kz, krx, kry(D^#(D— 09£r(^2) ^^i~ 0 
[0075] DS2] 
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R, kz> krx> k r yco^ffWI 


0. 3 3-— (-1/3) 


1 ^ R z -kz/krx £ 5 
1 £ R 2 -kz/kry ^ 5 
0.6 7 ^ k r x/k r y ^ 1.5 


0.2 5 


1 . 1 £ R 2 «kz/krx ^ 4 
1 . 1 < R 2 • k z /k r y < 4 
0.7 1 ^ k r x/k r y ^ 1.4 


0. 2 


1.3 £ R 2 ♦ k z/k r x ^ 3.3 
1 . 3 ^ R 2 * k z / k r y < 3. 3 
0. 77 ^ k rx/k r y ^ 1.3 


0. 1 


1.6 ^ R 2 'kz/krx ^ 2.5 
1.6 S R z «kz/kry ^ 2.5 
0.8 7 ^ k r x/k r y ^ 1.15 



[0076] #t^^^5^BTl(l«*6(Z)«*att>Jfe*IJOSr^^b, z^^kz, krx*3J;U*kry 

1 ^ R 2 -kz/krx ^ 5, 
1 ^ R 2 -kz/kry ^ 5, 

0. 67 < krx/kry < 1. 5 

[0077] &3b\ ^^tt^^$^l/10^TT?fctv^j;«9M^LV\ (^£2U«9, '**j£Sfc 

kz, krx*5j;tJ?kry^egg|R^^, 

1. 6 ^ R 2 -kz/krx < 2. 5, 
1. 6 ^ R 2 -kz/kry < 2. 5, 
0. 87 < krx/kry < 1. 15 

o 

[0078] £fb^R 2 -kz/kr^ 

2 ^ R 2 -kz/krx N 

2 ^ R 2 -kz/kry 
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[oo79] m^m^mm^x, ±m\^fr£5t£&w&m±ir^?vT?^^—?io<DMcfc 
[0080] ^^cx itm&A— c, ^MRi^\<^xfem3A&mmvxnmistc.<D-x:^-T:te 

frhm&W1$5<Dmfeffi5hl£X<D3&mH ^45. 5 Aim, ^|f|$0/^ib#tt^fgB 

2 

3 1 

#tt^5a<7)#gW W:4/zm, 0SIHS5d<7)*gW fill/im"Cfc5. #t£3fc#1f|S5<©#$ 

2 3 

fiO. 1-1 /i m©iffl-C$)5^i:dW*b<, ^-C«0. 5 ix m-CfcSo #tt^^P5 

a<D;K£^#lX, 40/* m-efe§ 0 kr/krx, kr/kry<Dfite;&J;^m!ftHtf)2Si^ 
EE^fHOffi^ill:M@PbT0f^(Dkz/krx, kr/kry<7){fi£r#3i±: 

0. 8 ^ H/R ^ 1. 6 
«T?R^:i-J;5(^^i-50dW*LV\ ±fBL;fcH:fcJ;tmo1|i(H=40/im, R=3 
7Mm)©M,H/R©ilil. 08£&<9 

0. 8 ^ H/R ^ 1. 6 

[0082] «Ji©&ilfD£^ri~5#t^#^5ttU kz=l. 16(N/m), krx=7. 29 X 10" 10 ( 
Nm/rad) , kry=7. 90 X 10" 10 (Nm/rad) (D#ft^bfc 0 R'-kz/kr 
x,R 2 -kzXkry, krx/kry(D'fg{i^:^^tx2. 18, 2. 02, 1. 08£&5fc#\ 
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1 < R 2 -kz/krx < 5, 
1 < R 2 -kz/kry < 5, 
0. 67 < krx/kry < 1. 5 

vT??-^—?&mmrfz>z.b&x$% 0 
[0084] lykTt^f^&m^xmmisti 

0. 5 ^L 2 -kz/kr < 2 
[0085] m?t^m7£nM4aZo£XP4b(D2^K&.Bi-Z>b, H^mft4a*3j:U^4b{*, 4*:*: 

tLMtIttf6U^(DSgilL^3R/2t^UV\ r<£>i:£\ L 2 -kz/krte:l. 58fcft^ 
O. 5 ^L 2 «kz/kr < 2 

[0086] £JLht&WUfcJ;5te, ^ife^Sl^tU^ ^mm^^mwmQ^^mo^n 
[0087] &3b\ ^«£BTiS, RTib«|J7^Brib«fi6Sril^, RT!ljm«6£5pff 

, *»ww:^tbjz:is3t$tbS i fe©T*tt*<, rasp}*, *mmzttvxmi?ik&WL 
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[0089] tfc, ^Mi^W^nW ax-^iOii, *:&1ftO£*'fr£LT£48/£ 

[0090] (^JKB^2) 

[0091] £f\ m5A&0mirZ> o 05A«:, *ii^j|©-7>f^T^f a x-^l0a^ 
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